SUMMARIES ‘OF REVIEW OF PESTICIDES
CONSIDERED FOR USE IN THE GYPSY MOTH
ERADICATION PROGRAM IN SANTA BARBARA COUNTY IN 1982

May 15, 1982 HS 989

By Staff of

Worker Health and Safety Unit
Division of Pest Management, Enviromnmental
Protection, and Worker Safety
California Department of Food and Agriculture
1220 N Street, Sacramento, California 95814

HS-9B9 (May 15, 1982)



INDEX*

Additional detailed information is available for examination at the California
Department of Food and Agriculture in Sacramento in the following reviews:

H5-725
HS-975
B8-976
HS—Q??

HS5-978

Scientific Articles on Biological Effects of Carbaryl,

7 Voluues.

Scientific Articles on Biologic Effects of Exposure to Diflubenzuron

(Dimilin),

(February 5, 1982),

3 Volumes.

Scientific Articles on Biologic Effects of Exposure to Trichlorfon
(Dylox), (February 5, 1982), 2 Volumes.

Scientific Articles on Bfologic Effects of Exposure to Acephate

(Orthene),

‘(February 5, 1982),

2 Volumes.

Scientific Articles on Biologic Effects of Exposure to Methoxychlor,

(February 5,

1982),

2 Volumes.

(Rev. February 5,

TAB SUBJECT
A First Review Chemical Pesticides, Eebruary.S, 1982.
B Alphabetical Listing of Sources of Detailed Informatlon on Carbarvl
(February 19, 1982)
c Carbaryl Data by Subject and Authors, February 19, 1982,
D Supplemental Health Hazard Analysis of Chemicals Discussed
in the Draft Environmental Impact Report for the Gypsy Moth
Eradication Project, County of Santa Barbara, March 3, 1982.
E Letter to: Lawrence Hart, M.D., M.P.H. Dated March 3, 1982,
F Summary of Toxicological Data on Bacillﬁs‘Thuringiensis.
G Information on the Animal and Human Toxicity of the Spores
of Bacillus thuringiensis.
H Information on Toxicology of the Microbial Insecticide,
Thuricide. '
*

1982

\\)



FIRST REVIEW ~ February 5, 1982
'CHEMICAL .PESTICIDES ‘

Six chemical agents have been identified'for potential use against gypsy.
moth infestations; a brief summary of the toxicity of these agents follows.

ACEPHATE
{ORTHENE)

Background

Orthene (acephate) is a broad spectrum organophosphate, It was introduced
into the insecticide market by the Ortho Division. of Chevron Chemical
Company in the early 1970's. "§inte then, Acephate has been used several
times to suppress outbreaks of spruce budworm in environmentally sensitive
areas (Hydorn et al., 1979; Rabeni et al., 1979).

Toxic Potency

Oral LD ,Erfo% acephate are reported (Rojankovich et al., 1972; Zinkl
et ar:,%%ﬂl)ras follows: :

male rats: 945 mg/kg
female rats: 866 mg/kg - ' :
dark-eyed juncos (2 bird species): 106 mg/kg

The toxicity of acephate is not appreciably different via inhalation .than
the oral Toute (Berteau et al., *1978). ~Minimum lethal dose (MLD) in dogs
was found to be 681 mg/kg. The minimum ewetic dose (MED) in degs is 215
mg/kz. Ninety-day feeding studies in tats and. dogs showed mo sign of
abnormalities in physical or histopathological factors {CDFA). Rats dosed
with low levels of acephate for 60 days at 5 mg/kg/day showed no alteration

in the myogenic properties of smooth muscle (Whitcomb, 1979).
Biokinetics

Acephate is very water soluble, with a pKk = 8.3. It is 97 percent‘ionizedj
at pH = 6.5 (Duangsawsdi et al., 1979). The half-life (t / } in plants
and water was shown-to be 5-10 days (Bart, 1979). Of t% impurities
isolated from acephate, -0,0,5~trimethyl phosphorothioate showed slight
poteutiation of mouse toxicity when added to purified acephate (from 57C to
. 460 mg/kg). O0,0-dimethyl N-acetylphosphoramidothiocate. caused a significant
decrease in mouse toxicity (from 570 to 720 mg/kg), (Fukuto et al., 1977).

Specific Toxicity

Acephate was positive as a point mutagen in one test, being weakly muta-
genic in Salmonella typhimurium. DN4 damage in the form of enhanced
mitotic recombination in §. cerevisiae and increasad unscheduled DNA
synthesis was also noted. In vivo mutagenesis testing (Drosophila  sex~
linked recessive lethal test) at 10 ppm acephate yielded negative results
(Poole et al., 1977; Waters et al., 1981). :




Acephate was nitrosated with sodium nitrite in wvitro, and the nitrosated
compound was ‘tested for mutagenic activity in a bacterial spot test with
8. typhimurium. Results were negative (Seiler, 1977).

Exposure Potential

Following aerial application at the rate of 0.57 kg acephate/ha for the
control of spruce budworm, minor short-term perturbation to stream eco—
systems occurred., Depression of brain cholinesterase activity occurred in

birds (Zinkl et al., 1980).

The conversion of acephate to methamidophos was ‘found to occur in fish,
insects, and sediment, but mét in flowing water (Geen et al., 1981).
The degradation products in plants are 90-95% non-toxic salts and 5-10%
0,5-dimethyl phosphoramindothioate. This latter compeund is the primary
active ingredient in another pesticide product marketed under the name

"Monitor" (Bart, 1979).

The recommended aerial application rate for acephate is 2/3 to 1 1b.
in 1/3 gallon water/acre. This is calculated to be 340.5 gm/acre, or 8.4l

ug/cm

CARBARYL

(SEVIK)
Background i :
Carbaryl is the l-naphthyl ester of N-methyl-carbamic acid. It was intro-

duced by Union Carbide Corporation im 1936 as zan insecticide with a broad
range of applications (Spencer, 1973). Carbaryl use represents approxi-
mately 10 percent of all agricultural insecticide use in the United States

(uspa, 1974).

Toxic Potency

Carbaryl derives its efficacy from its ability to inhibit the enzyme
cholinesterase, resulting in excess acetycholine at the endings of para-
sympathetic and motor nerves. -The LD of carbaryl administered orally
in various mammalian species has been reported as 250 to 850 mg/kg of body
weight in the rat, 110 te 588 mg/kg im the mouse, 280 mg/kg in the guinea
pig, 710 mg/kg in the rabbit, 250 to 795 mg/kg in the dog and 1,000 mg/kg
in the monkey. A dermal LD 0 of 4,000 mg/kg is reported for the rabbits
{Mount -and Oehme, 1981). 1Ih a 6-month oral study, monkeys showed little
or no cholinesterase inhibition below 600 mg/kg (Serrone et al., 1966).
Carbaryl is moderately toxic te fish and birds and is highly toxic to bees
(Mount and Oehme, 1981}. : :

Data from human exposure has shown that a single oral dose of 2.0 mg/ kg
carbaryl produced no objective signs of intoxication in human volunteers.
One group of 5 men was given 0.13 mg/kg/day for 6 weeks with no evidence of
deleterious action (Wills, 1968). A single oral dose of 230 mg(2.8 mg/kg)

-2



caused a moderate degree of poisoning in one instance (Mount and Oehme,
1981). Literature suggests that low doses of carbaryl may have a detri-
mental effect on the kidney. ' : ' '

Biokinetics

The primary metabclism of carbaryl in man appears to invP&ve'hydrolysis
{(Knaak et al., 1965}, In rats, 25 to 30 percent of a C labeled car-
baryl dose was hydrolyzed, and 70 to 80 percent of the dose was excreted in
“{3“8 within 24 hours (Mount and Oehme, 1981). When applied dermally,
C labeled carbaryl applied to the forearm of human volunteers resulted
in 73 percent abscrption (Feldman and Mailbach, 1974). Carbaryl has shown
a lack of persistence in body tissue.

Specific Toxicitv

Teratogenic Effects: A 3 generation study of carbaryl added to the diet of
rats showed that 10 mg/kg/day did not produce an effect on fertility,
gestation, viability of pups, or maternal lactation. Feeding carbaryl at
doses ud to 500 mgfkg/day in the diet did not increase the incidence of
teratogenic anomalies or have an effect on fertility or gestatiom (Weil
et al., 1972).. Carbaryl fed to pregnant beagles at dietary doses of 0,
3.125, 6.25, 12.5, 25, and 50 mg/kg/day resulted in terata in 9 to 18
percent of the pups born to animals receiving the 4 highest doses,
One-half of the dams in each carbaryl treated group had dystocia (diffi-
culty at the time of delivery) due tc uterine atony. There were no cases
of dystocia in the controls (Smalley et al., 1968). -Positive examples of
developmental toxicity are seen in several other species, however,
adverse effects occur only at dose levels which ptoduce toxicity in the
maternal &nimals (Robens, 1969; Weil et -al. 1973; Collins et al., 1971).

Daily oral doses of 2 and 20 mg/kg of carbaryl in the monkey (Macacca

mulata) caused an increase in the number of spontaneous abortions

(Dougherty et at., 1971).

Carcinogenic Potential: Mice given carbaryl daily, by gavage tube, at the
maximum tolerated dose for 18 months did not have a significant increase

in tumors compared to a control group {Innes et al., 1969). Other
' reports are incenclusive., Total evidence to date has not established &
-carcinogenic potential for carbaryl. Should any such. potential surface,

there would be a limited impact based on extensive negative findings
which have been previously established. '

Mutagenic Potential: Carbaryl has been found to be a weak mutagen in

bscterial assays (Cook ‘et al., 1977) and mammalian cell culture (Ahmed
et al., 1977). Exposure of virally transformed human .cells (VA-4) in
culture to carbaryl initiates unscheduled DNA synthesis at exposure
concentrations as low as 1 uM (Ahmed et al., 1977).

Semen samples were analysed from 50 carbaryl production workers who spent
one year on the job. A significant elevation of sperm abnormalities was
eeen in the currently exposed workers as compared to controls, however, a
cause and effect relationship was not established {(Wyrobek et al., 1980).
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Exposure Potential

For - control of gypsy moth, an application rate of one pound of carbaryl
per acre is indicated on existing labeling. At this application rate, the
concentration of carbaryl expeifed to reach the ground under ideal condi-
tions would be 14 micrograms/cm .

DIFLUBENZURON
(DIMILIN)

Background

Dimilin is the trade name for diflubenzuron (N-[([4-chlorophenyl]amino)
carbonyl]?,6-difluorobenzamide).  Diflubenzuron (DFB) acts as an insect
growth regulator by interfering with the deposition of insect chitin {Marx,
1977). 1t is a white, sparingly soluable, crystalline solid with a melting
point of 230°C., 1t is marketed in both granular {Dimilin-1G) and wettable
powder (Dimilin W-25) forms. It has been registered by the EPA for use to
control gypsy moth in forested areas.(Anon., 1981). '

Toxic Potency

A. Single Dose LDg, (Willcox et al., 1978; CDFA #377-012)

1. Oral
i
a., mouse 4,640 mg/kg (tech)
b. mouse 10,000 mg/kg (W-25)
c. rat . 4,640 mg/kg (tech)
4. duck . 5,000 mg/kg (tech)
e. bobwhite quail 5,000 mg/kg (tech)
£. rat 10,000 mg/kg (W-25)
2, Dermal
a. rabbit | 20,000 mg/kg (50% Kaolin)
b. rabbit : 4,640 mg/kg (W-25)

c. rabbit © 4 ml/kg (50% paste)

3. Inhalation.

a. rat o No effect at 35 mg/l for 6 hrs
b. rat ‘ No effect at 50 mg/l for 6 hrs

c¢. rabbit _ No effect at 30 mg/l for 6 hrs

4. Intraperitoneal

a. mouse ' 2,150 mg/kg (tech)
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Bluegill sunfish 135 ppm (tech)
Bluegill. sunfish 660 ppm {W-25)

Channel catfish 500 ppm (W~25)

Rainbow trout 240 ppm (W-25)

Fathead minnow 180 ppm- (W-25)

Water flea o . 1.5 ppb (W-25) 48 hrs.
Snail ’ 125 ppm

Multiple Doses

1.

No observable effect

In an experiment to determine the toxic effects of DFB fed to
mice, a no-effect level was establlshed as 12.5 ppm in the diet

(CDFA #377-012).
Feeding,ekperiments*

DFB has been fed to animals at concentrations ranglng from 10
to 100,000 ppm in the diet - Foci of liver cell necrbsis were seen
in some mice fed 50 ppm for 6 weeks (CDFA #337-025). DFB feeding
caused cyanosis in mice fed >200 ppm (Willcox et al., 1978; -Bentley
et al., 1979; CDFA #377-025). This cyanosis was caused by sulfhe-

moglobin. There was no depress1on of glycosaminoglycan synthesis

(Bentley et al., 1979). Cattle fed up to 18 mg/kg/day showed no
i1l effects (hlller et al., 1976; Ivie, 1978; Miller et al., 1979).
Only .02 ppm DFB appearing in the milk of treated animals. Swine
and sheeép also showed no apparent illnesses ds a result of DF3

feeding. Degs showed no morphological abnormalities which could be

attributed to the feec1ng of DFB (CDFA #377-013). Chickens fed DFB
up to. 250 ppm in the diet showed .a trend to higher body weights,
but no . other significant differences were found (Miller et.al.,
1976; Kobena, 1981). In a separate test, DFB.caused a dcse related

decrease in . testosterone levels of male chicks. This caused a
retardation of sexual development. Hens showed an increase in fat.

deposition. (Smally, 1976).

HNOn*tafgét Impact

a. Invertebrates

DFB is acutly and chronlcally toxic to small estuarine crus-
taceans. {Mulla et al., 1975; Christiansen et al., 1978; Farlow
et al., 1978; Forward et al., 1978; Julin et al., 1978; Nimmo,
1979; Nimmo et al., 1980). Acceleration of. the molt cycle has
been- observeU in severzl species of crustaceans (Gulka et al.,
1980). The effect of DFB on residential-recreational lakes can
be dramatic. Certain invertebrates are totally eliminated for
long perlods of time f0110w1ng the application of DFB (Apperson
et al., 1978; Ali et al., 1978; Ali et al., 1980). ' :



Biokinetics

A.

b. Fish

Sublethal exposure (10 mg/L) ceused a drop in glutamate oxa-
lacetaste transaminase (GOT). serum values in rainbow. trout.
No other effect was noted (Madder et al,, 1978). Trout and
salmon exposed to lgm/L for 15 minutes showed no mortality
(McKague et al., 1978). At 0.2 ppm, DFB caused hyperactivity
in mosquito fish..  The hyperactivity diminished to normal by
day 14 (Ellgaard et al., 1979). Atlantic salmon (parr) tend
to avoid Diwmilin-1G and its blank carrier, Florex, when given
2 choice of flumes to enter {Graner et al., 1978).

-

Biological Half Life

In rats, excretion was almost complete after 72 hours (Willems et al.,
1980). ' o

Metabolic Products
Metabolic products include 4-chlorcaniline, 2,6-diflurorobenzeic

acid, &4 chlorophenylurea, 4-chloroacetanilide, acetanilide, and &-
chlorophenol (CDFA #377-003- and #377-027; Seuferer et al., 1979).

Excretion

Metabolic studies in rats aid bovines have shown that DFB is largly;

excreted through the feces. Bile excretion is the major route of
metabolite excretion. In cows, it was discovered that 85 percent of
administered the DFB is eliminated in the feces, while 15 percent is
excreted in urine (Ivie et al., 1978). No repiratory excretion of
DFE was found in the rat (Willems et al., 1980). DFB is rapidly
metabolized by scil microorganisms (Seuferer et al., 1979). '

Storage Potential

In a biocaccumulation test, DFB did mnot. exhibit a strong tendancy to
bicaccumulate (Metcalf et al., 1975). It concentrated less than

‘methoxychlor, but slightly more than malathion or terbufos {Belluck et

al., 1981).. Fish eliminate DFE rapidly and there is no partitien of
the metabolite p-chlorophenylurea in the gills. Fish bicaccumulate DFE
by a factor. of as much as B0 compared with aquatic concentrations
(Schaefer at al., 1979). A crawfish exposure experiment showed that
this species does not bicaccumulate DFB (CDFA #377-003).

Specific Toxicity

A,

Reproductive/Teratogenic Effects
DFB did not cause teratogenic effects in developing mice and did

not pass through embryonic membranes, nor was it passed to suckling
mice (CDFA #377-026). In swine, sheep and rabbité, no changes in
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litter size, fetal loss or incidence of major malformations were found
(Escobar et al., 1980). Mouse litters did show a transient, but
nonsignificant increase in litter weight. No loss of libido was found
in bulls fed DFB (Miller et al., 1979). The administration of DFB
to mice resulted in no increase in the incidence of dominant lethal

mutations (CDFA #377~025).
Carcinogenic Potential

Carcinogenicity data have been inconclusive. Additional cancer tests
are being instigated by the registrant at the request of EPA (Anon.,

1978).

P

‘Mutagenic Potential - -

The results of several tests indicate that DFB and its metabolites

_are not very mutagenic (CDFA #377-025, #377-023, #377-026; Macgregor

et-al.{-1979). Only 4-chloroaniline gives a weak mutagini¢ respomse.
Further testing will be necessary (CDFA #377-025). ' ' '

Exposure Potential

A,

Use Pattern

Dimilin is approved by EPA for use against gypsy moth. It has been
used in forested areas as part of a comtrol and eradication effort,

Application Rates — Frequency

The label applicatign rate is given as. 2 to 4 oz. per ha. This con-

verts to 0.7 ug/cm™. The - label also indicates omne application -per
52ASOn.

Environmental Degradatiom

DFB shows a fair amount of persistance on cotton leaves, with detect-
ible residues still available after 4 weeks. It is mot photodegraded.
Heavy rainfall can causes appreciable reduction of residues (Bull et
al., 1978; Mansager et al., 1979). 1In water, DFB has a variable decay
rate relative to the pH and temperature. Warm, akaline water cause the
most rapid degradatien (Ivie et al., 1980). 1In water-pools, ‘adsorbtion
is the most likely pathway of DFB loss (Schaefer et al., 1976).

DYLOX:

Background

Dylox (0,0—dimethyl-Z,2,2-trichloro-l—hydroxy—ethylphdsphonate)‘ is an
orgenophosphate chemical used as an ingecticide and, as a drug to combat
schistosomes in livestock and humans. It was introduced as an insecticide

“3n 1952 and as a medication in 1960.
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Toxic Potency

The following acute oral LD_.,_ have been determined: Mice 788-822
mg/kg (Yamashita, 1960}, rats 50 mg/kg (Dubois et al., 1955). Istra-
peritoneal LD.,,_ are: for mice, 500-523 mg/kg (Yamashita, 1960; Dubois
et al., 1655Y; for rats, 190-250 wg/kg (Brodeur et al., 1953); and, for
guinea pigs, 300 mg/kg (Dubois et al., 1955). The dermal 1D 1n rats 1is
>2,000 mg/kg, and. the inhalation LC for rats is 1,300 ug?m (Registry

. 50 T
of Toxic, etc., 1979).

Biokinetics

There is experimental evidence that Dylox does not affect acetylcholines-
terase directly, but is first cdnvented nonenzymatically to D.D.V.P.
(Nordgren et al., 1978) (0,0-dimethyl-2,2~di~chlorovinyl phosphate), which
then acts ‘as the enzyme inhibitor (Reiner et al., 1974; Holmstedt et al.,
1978). The gdisappearance of Dyvlox and 'its metabolites from serum after
injection into mammals, has been shown to be exporential from 10 miputes
to- 6 hours after injectiom, with 2 half~iife of -2 hours and 20 minutes
Holmstedtr et al., 1978). Seventy percent of the metabolized products are
excreted in the urine within 16 hours (Bull. et al., 1969).

SPECIFIC TOXICITY

Mutagenicity: Dylox has been found to be a mutagen in several bacterio-
logical studies in vitro and in vivo. In vitro (Simmon, 1%79; Batzinger,
et al., 1976; Hanna et zl., 1975) it has been fpund te beée mutagenic with or
without 5-9 microsomal extracts. In vivo (Batzinger et al., 1976) Dylox
has been found to be mutagenic to test bacteria which are 1n3ected ‘intra-
perltoneally into mice treated wlth Dylox :

Teratogenicity and Fetotoxic Affects: Dylox was found to be fetotoxic and -
teratogenic when given by gavage to rats, hamsters, and mice (Staples et-
al, 1979; Staples et.al., 1976). It was also fetotoxic and teratogenic
when given orally to rats (Staples et al,, 1976; Mantson et al., 1976).
Dylox is suspected of causing brain damage im piglets born to sows treated
with Dylox during pregnancy (Bolske et al.,, 1978; Kronevi et al., 1875).

Oncongenicity: Seéveral studies have been conducted to evaluate the onco-
genic potential of Dylox. 1t bas been reported to be nontumorogenic in
some studies (Teichmann et al., 1978 a,b,c; Blair et agl., 1976), while
other studies have found a higher 1incidence of carcinogemic tumors than
controls (Gibel et al., 1971; Gibel et al., 1973).

Neurotéxicity: Dylox has been found to be a delayed neurotoxin in hens
(Olajos- et al., 1979} and rats (Finkiewicz-Munawiejska et al., 1978}.
Delayed neurological disorders have also been recorded following several
human. poisonings with Dylox (Kazakevich et al., 1972; Bidstrup et al.,

"1953; Hierons et al., 1978).



Exposure Potentisl

Dylox decreased from a concentration of 105 ppm in clover after & field
application to a -concentration of Z ppm after 7 davs; and in the labore-
tory, Dylox was found to have a helf 1life of B hours in water &t a PH of
6.9 (Gilpatrick et al., 1967). Tne label application rate of Dylox for
gypsy wmoth is 851 grams/ acre which converts to 21.03 ug/cm® of active

ingredient.

Kryocide
- Background . . h:

Kryocide is a micron size grade of cryolite producerby Pennwalt. Crvolite
is 2 mineral, cheuically known as sodium fluoaluminate and contains Approx-—
imately 4% percent fluorine. o

The first commercial use of Krvocide was. in 1932=~1933 when the Department
of Agricuituré found cryolite tc be & setisfactery substitute for arseni-
cals for the conmtrol of codling moth on apples, work havimg begun on this
application in 1926, ' : :

Toxic Potency

The .oral LD 0 of cryclite in the rat has been reported to be 200 mg/kg
(Herek,'lg?ﬁa. The dietary LD, for rats fed orally-was '

greater than 10,000 wg/kg in the diet. The. 4B~hour LCSO for razinbow.
trout exposed to cryolite was 47,000 ppb (CDFA).

In & two-month study, young rabbits were 1,000, 2,000, or 4,000 ppm of
cryolite in the diet. This resulted in varying degrees of loss in appe-
tite, weight, or growth rate in the treated rabbits. Fatalities cccurred
within 7 days at the highlest concentration {(CDFA).

The minimum lethal cose (MLD) in mg/kg of body weight in rabbits ie -
reported as >6,000 mg/kg and >500 rg/kg in dogs (CDFA). ‘

SPECIFIC TOXICITY

. Mutagenic Activity: Female rats exposed six hours daily, for five mouths’
to cryolite by inhalation at & concentration of 3 mg/m- resulted in an
incresse in the percentege of aberrant cells in the bone marrow - (Gulevs

et al., 1972}, ’

No other information dealing with the biblogical effects of cryolite hae
been located at this time.

Exposure Potentisl

For gypsy moth, the maximum suggested application rate of 50 pounds
Kryocide (96% cryolite) per scre would result in a distribution of 538
micrograms/cm®. ‘ : T '



Toxic Potency

. METHOXYCHLOR

Background

Methoxychlor is a chlorinated hydrocarbon which was first synthesized in
1893. Its insecticidal properties were not discovered until 1944. The EPA
has approved the usze of methoxychlor as an insecticide on several agricul-
tural crops, beef and dairy cattle, goats, sheep, swine, and for spray
treatments of grain bins, mushroom houses, and other agricultural premises

{TIARC, 1974).

-

The oral LD of methozychlor in -the .rat has been.reported to. be 6,000
mg/kg (Merck’, 1976). Rats .fed 100 and 500 ppm methoxychlor in the diet for
18 weeks showed some growth retardation but were otherwise without symptoms
(Kunze et al., 1950). Rats fed 0.16 percent methoxychlor in the diet also
showed growth suppression, but no histological changes or decrease in life
span were noted (Hodge et al., 1952). Dogs fed 300 mg/kg/day for 1 year
showed no evidence of tissue damage (Hodge et al., 1952}, while dogs

ingesting 4,000 mg/x0/d=v for 24 weeks experienced convu151ons and tlssue

damage (Teger1s et al,, 19€6).

Methoxychlor is slightly irritating to human skin but has a low- absorpt¢on
potential. The estimated human fatal oral dose is 7,500 mg/kg. Continued
ingestion over long perlods of time may cause kidney damage (Merck, 1976).

Acceptable daily intake in man has been reported to be 0 - 0.10 mg/kg/day

{IARC, 1974).

Biokinetics-

In & study on mice, 98.3 percent of orally ingested methoxychlor was

eliminated after 24 hours (Kapoor et al., 1970) Ninety-six percent was
eliminated unchanged; metabolites were identified as -(p-hydroxypnenyl)-
?~(p-methoxvphenyl)~1,1,l~trichloroethane and 2,2-bis(p-hydroxyphenyl)-

‘1,1,1-trichioroethane {(Menzie, 1974). Another mouse study showed that 90

percent of excreted methoxychlor was in the feces and 10 percent was in the

‘urine (Kapoor et al., 1970). Rats fed 100 and 500 ppm methoxychlor in the
‘diet for 18 weeks stored 1 to 7 ppm and 14 to 36 ppm methoxychlor in the

fat, respectively (Kunze et al., 1950). No methoxychlor was detected in

‘the fat at either dose level 2 weeks after the feeding was d1scont1nued.

Specific-Toxicity '

Methoxychlor has been found to decrease the action of estrogens in the

"uterus of several species [Welch et al., 1968&; Cecil et al., 1975; Bulger

et al., 1978(a)(b)]. Doses of 2,500 and 5,000 ppm in the diets affected
reproduction in adult rats and zlso affected reproduction of the young in
the next generation (Harris et al., 1974). Dams given methoxychlor via
gastric intubation during dsys 6 through 15 of gestation showed fetotoxic
effects at 200 and 400 mg/kg; wavy ribs were produced at 100 mg/kg (Khera,

. 1978).
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Carcinogenicity studies performed on rats and mice by the Natlonal Cancer
Institute showed no 51gn1f1cant increase in the incidence of tumors (hCI
1978)." Cther studies have given 51mllar results (IARC, 1974).

No publlshed reports of mutagenic testing of pure methoxychlor have been

located at this time. An Ames assay of methoxychlor impurities showed
only slight mutagenic effects of one impurity on one. experimental strain
(Grant et al., 1976). An intraperitomeal injection of 30 mg/kg cof a
methoxychlor, dimethoate, and malathion mixture in male mice showed no
evidence of mutagenicity in a- dominant lethal assay (Degrzeve et al.,

19773.

Exposure Potential

For control of the gypsy moth, a maximum application.rate of 7.5 pounds
active ingredient per acre of methoxychlor is given on product labels. At
this rate, the concentration of methoxychlor experted to reach the ground
under ideal conditions would be ‘84.1 wicrograms/cm”.

SUMMARY

EVElUutlcn of - these agents will continue. Any decision rendered with
respect- to use of any individual agent will be based of the total infor-~
mation available with respect to any adverse health potential.

INSECT HORMONE

In addition to potential pest control through direct intexication, use of
a synthetic hormone to disrupt mating of adults moths is .also possible. ’
The following information has been identified with respect to potential

toxicity of the hormone product.

DISPARLURE

Background

The scientific name for disparlure is cis~7,8-epoxy- Z—ﬁethyloctadecane.
- The compound is an-artificial pheromone develoned by Herculite Products for

‘use in Federal -and State programs to trap male gypsy moths im scouting .
operations. It has been used for suppression and eradication operations by
the USDA including aerial applications over residential areas in Maryland.

Two formulations are EPA registered: Luretape, for grounﬂ applications
‘and, Disrupt, for aerial applications. NKeither product is registered i

California at this time.

Toxic Potency

The single dose 1Db.,., of this compound are relatively high. The oral

LD50 is 34,600 mg/ﬁg{ ® The dermal LDg is 2,025 mg/kg. The material 1is
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classed as a nonirritant from an eye study p;rformed on alblno rabbits
(score 12.0/110). ‘ ' .

Specific Toxicitv'

No studies have been identified which assess Speclflc toxicities for thls-
material. The registration on ornamental trees does not requ1re a re51due
tolerance. No food crop ‘uses are reglstered

-

Exposure Potential

One ground application per season with Luretape is recommended at 1.8 grams
a.i. per acre. Oune serial application. per season with ‘Disrupt is recom-

mended at 4—8 grams active ingredient per acre.

-12-
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CARBARYL DATA BY SUBJECT AND AUTHORS

Acute Toxicity

Serrone, et al., 1966
Vandekar, et al., 1971
Singh, 1973 -
Chaiyvarach, et al., 1975
-Statham, et al., 1975, 1976
.Bahl, et sl., 1978

Pipy, et al., 1979

Mount, et al., 1831

Subacute Toxicity.

Desi, et al., 1974
Dikshith, et al., 1976
Neskovic, 1979 '
Kesgkovic, et al., 1979

Inhalation Toxicity
" Nye, et al., 1976

Chronic Toxicitwy

Knzak, et al., 1965, 1967 (a)(b), 1968

Leeling, et al., 1966
Nir, et al., 1966
Ghadiri, et al., 1967
. Baron, '19€38 '
Shtenberg, et al., 1963
'Vaghakidze, 1968
Pavlova, 1969

Smalley; et al., 1969
Bend, et al., 1971
Hassan, et al,, 1971
. Andrawes, 1%72

Bovd, 1972

Santolucito, 1972
Elespuru, et al., 1973
Shah, et .al., 1873
Thomas, et al., 1973
Cecil, et al., 1974
Chin, et al., 1874, 1979
Dieringer, et al., 1574
Bwarg, et al., 1974
Elsenbrand, et al., 1975, 1976
Jordan, et al., 15975
Mirvish, 1975

Poneroy, et al., 1975
‘Street, et al., 1975

Ahdava, 1976

' Egert, et al.,.1976
Khera, 1976

Kitagawa, et al., 1977
Bursian, et al., 1978, 1979
Abou-Donia, 1979

Anger, et al., 1979
Benard, et al., 1979

‘Quarles, et al., 1979~

Beraud, et al., 1980

Reproductive. Effects/

- Teratopenicity

Carpenter, et al., 1961
Marliac, 1964
Chadiri, et al., 1966
Khera, et al., 1866 .
Smalley, et al., 1968
Vashakidze, 1968
Robens, 1969
Courtney, et al., 1970
Coltins, et al., -1971
Dougherty, et al., 1971
Hassan, 1971

‘Weil, et al., 1972, 1973 °
- De Norscia, et al., 1973
- Earl, et al., 1973(a)(b)

Lillie, 1973

Golbs, et al., 1974
Thomas, et al., 1974
Weis, et al., 1974

De Rosa, et al., 1976

Graf, et al., 1976
Proctor, et al., 1976

‘Khera, 1976
strother, et al., 1976

Weis, et al., 1976
Bursian, et al., 1977, 1979.
Declume, et al., 1977, 1979

‘Moscioni, et al., 1977
‘Murray, et al., 1979

Quarles, et al., 1979
Seifert, et al., 1979
Solomon, et al., 1979
Sternberg, 1978
Cambon, et al., 1980
Eto, et al., 1880

. Strother, et al., 1980
‘Wyrobek, et al.; 1981.



Mutapenicity

Ashwood-Smith, et al., 1972

Brzheskii, 1972

Epstein, et al., 1972
Hoque, 1972

© Elespuru, et al., 1974
Siebert, et al., 1974

Me Cann, et al., 1575
Marshall, et al., 1976
Beniqui, et al., 1979

Rani, et al., 1980
Wojciechowski, et al., 1930

Onceogenieity

Innes, et al., 1969
Shimkin, et al., 1969
Eisenbrand, et al., 1973
Walker, et al., 1975
Fisenbrand, et al., 1976
Lijinsky, et al., 1976
Preussmann,. et al., 1976
Sternberg, 1979

" Human Fxposure

Best, et al., 1962
Jegier, 1964

Enaak, et al., 1967(h)
Wills, et =1., 1968
Farago, 1969

Maibach, et al., 1971
Chin, et al., 1974, 1979
Feldmann, et al., 1974
Tannenbaum, et al., 1974
Comer, et al., 15875
IARC, 1976

Regan, et al., 1976
Spiegeihalder, et al.,. 1976
Wyrobek, et al., 1981

"Environmmental/
Zoblogical Effects

Amer, 1964, 1965
Georghiou, et al., 19864
Abdel-Wzhab, et al., 1966
Amer, et al., 1968
Lamberton, et al., 1870
Aly, et al., 1671
Carlsom, 1971 .
Eichelberger, et al., 1971

Karpel, 1973 ' -
Korn, 1973

Wauchope, et al., 1973
Armstrong, et al., 1974(a)(b)
Kurtz, et al., 1974 -

"Kanazawa, et al., 1975

Lunn, et al., 1975

~ Roberts, 1975
- Moulding, 1876

Rodgers, et al.; 1977
Zinkl, et al., 1977
Bart, 1978 '

Summary Articles-

Dolinger, et al.

Back, 1965
Mount, et al., 1981
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CMETEOXYCHL "WF I—. "I KRYOCIDE

Extensive review of czta comcerning each of the six candidate the"icalf
mentioned in the drsft FEnvironmental Impact Report (EIR) has been
concducted. . Foth rmethexvehlor and kryvocice vere mot congidered gr the
cheziczls of choice for ar eradication pregrez. Either of these chemicals
would recuire the hesviést doses to be applied to the ‘envircnment of &ll
‘the chemiczls preposed.  While much is known ebout these chemiczls' there
are etill eignificant cdats geps. Eoth of these zpents have been in use as
pesticides for many vears, but have, so far, escezped some of the Teguire—
ments for dazta dPVElOpﬁEﬂt‘CLr*EPtIV arplied to chemicals to be used &s
peeticides. It is sug ges:nd that these chemicals not be considered for use
in this project.

DYLOX

Dvlox hes - beecn arsociated with a variety eof the“tlnl effects to liviny
‘syrtens including nutegenicity, teratogen‘clt}, fetotoxic effecte, neorc—
toxicity- and oncorenicity. The producer of Dylox points out that the
‘majority of studiés in which adverse events &re reported &re. from the
Furopean end Coamunisr Zlock countries. Tt is suggested thzt the formula-
‘tions urcd in those tests co not meet the game standards reqrired in the
United Steztes These coiwzents, however, 'ETre RoL &deqiate as?u:anCe"that
the potential fDr these effects has been sdeguatelv etudied in formularions
manufactured in the United States, &and are, therefore, nor & czuse for
continued concern. It is therefere recommendecd thst Dylox neot be con-
gidered for use ir &aress that are inhabited by humans. :

: :  AGEPRATE

Acephate has been asssociated with some degree of rutecenic activity.

‘original toxicolopv etudies with scephate were guestioned .on 'the basis cf
inedecuste docurentation of preper laboratory p'bcedu¥e;- HEHY'cf'thesp
studies had to be reperrted. Reenalveie of oripingl deta, es well as
coneideration of nevly developed data, is now nesring completion. . Verbal
cor—unicetion with Chevron Chemical Company indicates thit Tepezr rtudies
were dcne &nd have shown no iomeciate or long-term heszltlh hazards
asfocizted with preper use of acephate bared on cobscrvations in studies on
Izborstory enimals. TFinal subrisrion of this data to regulatory arencies
is not vet cozplete. “Acephete way be & viabie'chemicai*for~ﬁse in. pojue-
leted repions cnde dsete review has been cornpleted, If no siFnificant
hezerde zre identified. (Acephate ie currently avzilatle fer use around.
yards and gardens in Czlifernieg). Until then, the prudent courec woulc be
 to svoid extensive use of. this chericel in pofulsted aress, vhile still
'reco:n1zxrr potentisl for use in the future.




UIF]UJMN?URO

Diflubenzuron is perhaps the least potent &spent under coosideraticn with
respect to mcute toxic effecte in marmzls. The exposure pctential is also
the lesst with this apent, in that the rate of zpplicetion is the lowest oi_
all the chezicals under censideration.  The wmaterisl does not sccurulete in
biclogical tissues and ie readily eycreted There were no adverse effects

on reprodusticn or any 1nd1C8:l0ﬂ of te'atogenlc effects with gadzinistra

tion of diflubenzuron to- laboratory anizmzls. & wesk mutagenzc,pcrenulal
wee eeen In severel studies, however, the nejority of studies fhow no

" mutagenic activity.

The rain concern regarding diflubenzuron centers around studies done with
rodents in wvhich an exceseive nuzber of ]\ cphiomas appesred with prolonged
edcinistration., The 1rterpretat10n of these studies has been challenged,
It is pererally arreed thst these studies are not .conclusive, however,
various flaws in study des1gn and conduct were identified., New studies cf
proper design were initieted in the surwer of 198] to reoolve the conflicts
1_zenerr.|t.=_vJ by the previous studies. These new studies wi 11 not be complered
until 1983 with final reports not Tikely to be ready until sometime in
1984, "The use of Zdiflubenzureon over pepulated erees eHoulc, therefcre, be
gvoided until resolutrion of the existing conflict rezarcing carc1noﬁen1c
porential is complete.  Use in nonpopuleted zreas could be ceneicdered.

CARBAPYL

Carbaryl is perhaps the most stud1ed cf .all the chemicals reviewed for use
in Gypsy Moth eradicatien. From the standpoint cf immeciate toxicity the
potency of csrberyl is intermediste in comparison with other chexicals used
a5 perticides. Humzn exposure studies have shown, however, that moderate
exposure is not necessarily sgsccisted with acute tox1c _Bymptoms. Catbaryl
does not accunulate In bocdy tissues and is .resdily excreted with & half
. life cf less than 24 hours. Weak Tut&genic activity hss been reported in
several isclsated studies in which cark gryl has been testea. The. majority
of tests for autezenic activity, however, are nepative. " Carbarvl 1s bpot

consideres teo be rutagenic other than in the specific tests where the weak
.activity was-observed.

ihree &reas of concern” have been 1dEutlflEG with respect to potential

heelth rieks with the use of carbarvl- Studies done in vitro with cultured
hurman erHr}culc lung tissve cells shewed an incressed virel penetration

with certein viruses &nd not with othere when carbzaryl i= added ro the
cultiure cediuvm. There 1s no knowm correlation with such findings and in
vivo fensitivities., No 1Pcreased incidence of infection has been rE“DTt‘d
Jfrom greoeps, such as explovees handling cerbaryl in its canufacturing and
fermulatien, with observations being made over periods &s long as ten

¥eare.

Carbaryl can be nitressted produc1ng uxtroso;arbar)¢.. The potentiel for
this reaction to this occur in the stomach eof animals ingerting csarbarvl.
and gn srpropriate nitrosating arent has been dcmanstrated This COtﬁound
is not founc, however, in routine metabolism studies of carbarvl This
theoretical considersticn ie no dxffetent than that with many other
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compounds which occur in the normal envxronment. ' Nittoso compounds sare

‘potericurly cepetle of p*oducxng mut spenesis and cercinofensis when

rdcinistered in concentreted amounts to leboratory -animals. Kitroso~
carbaryl slso has these characteristics. T '

The prestest concern over carbaryl toxicity- has come froo studies of .
teratcrenesis and reproductive interferance. Malformed offepring have been
born to leboratory ernirals gpiven acutelv toxic dosesnof‘carbaryl during
their preopnancy. Lower doses do not produce such effects. Doses in these
gtucies sre genmerzlly given dcily over & prolonged period of time. One
gtudy, conducted in dope, sUgEests some teratogenic-;apabilitv for

‘carbaryl, In this etuds, 38 litters were born to mothers treated with.
“earbaryl 2t doses renping from 3.125 millirrams per kilorrexm of body weight
to 50 milligra=ms.per kilcgram of hody weight. Ore hundred .and eighty-one

PUpE. warc born, of which 21 showed some.develeprental abnermslity. . Cnly
one of seven pups horo to two mothers given the highest dose had sbnor-—
melities. The reraining abnormalities were seen in pups fro=m seven
litters, the highest incidence ‘occurrinz in animals ‘given 12.5 milligranms
of czrbery]l per kilegram of body weipht. The incidence of these shnorme-
liries is therefore rnot str1c$1y dose essocieted., The abnormalities seern
represent, primarily, a failure to develop rather than sn elterstion in
development lesding to melformaticn. © All of the female dogs‘showed gigns
ef scute toxicity 2t the time of delivery of their litters. Dosing was
carried. out €aily over the entire period  cof gestation with significazmnt
toxicity to the prefanant enimsl. Reviewers have peinted out “thzt the
movement &nd izplantatien of ova in dogs differs from other marmmslian
yeproductive syetems, including buméns.. It 4s 8lso painted out that doge
¢é not genernllv hvcrexvlate co*pnunus such &s ‘carbaryl and . that hydroxy—

‘lstion is. & primzry reacticn in metsb0135m of carberyl in mest other

Epecies, including wman.

An extensxve review of carharvl toxicity was conducted bv the United States
Environzentsl Frotecticn Agency-(ﬂ-A)m In their final pos:t:o" document
relegsed in Dececber 1G&D, it was cencluded ther the exteneive da;;ibase
revieved cid mnot justify specific regulatory action agazinst carbaryl &t
thet juncture,’

In view of the extensive emount of study which has taken plece with
carberyl in over 20 vears of very heavy uee in the public sector without
jdentification of onv ‘ssaccieted health sbnormzlities, and the lack of
correletion of the findinps in dogs with tespect to fetotoxicity,. the
proposed dose of carbaryl for Gypsy Moth erzdica tien programs, from either
ground or serial a,olxca_xo“, hzs not been associated with specific hazsrds
to public health or slgﬁxfxcant risk of either Ln:c‘za.e cr delaved foric

effecte., It is theérefcore recomm rwended . thet, in populsted areas, chemiczl

applzcatxoq be IlhltEu to the use of cerbaryl et thc recommended labeled

dosages.

Seven voluves of selected literature referencer have been prepared in

‘conjunction with the review ¢onducted by the Califernis Departmant of Food

end Azriculture (LDFA) with respect to potentisl beelth hazarde fron the

use of carberyl. The IIE is not & conprehenszve "cite 811" document, but

rather a surcary of sveilable inforretion. A complete biblitiraphy of the
seven volumes of literzture on carbaryl cownzled b) Cb}A is appcnued for

refcrencrq,
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Several product formulse which incorperate carberyl as the active ingre~
dient hsve beer reviewed ag possible cendidates -for use in & Gvpry Moth
eredication prograc. Some of these formulas include forrmaldehvde in low
concentratione as an insccricidally imert 1ntredxsnt. The use of these
products ie not retcrzmendec in view of recent bliehed informstion
jndicatiny that formaldehvde is associated with sn 1ncreased incidence of

pelignant tumore in anizals exposed via inhelation. A review of the ipmert

‘ingredients in SEVIN Spravatle, SEVIN~4 011, &nd BEVIN-50 WP has been

conducted by CDFA. Vhile product forﬁulation. fallse under trade secret
protection and cznnot be- gpecifically revealed, a Teviev conducted by CDFA
hes resulted in the conclusicn . that the above-nermed products of Union
Carbide Corporeticn co not contsin toxicologically hezardous materials and
could be concidered for use in & Gypsy hoth ergecdication proOgTED.

Individuals expresslrc concern regarding specx&xcs relstive to the analveis
of toxicity for carbaryl, including its putegenic potential, carcinogenic
potewtial terztcrenic potential, potential for gllergic reactions eand
toxicity of breakdown products and products of metabolism £re referred to
the seven volumes of literature submitted to the County Agricultural
Commissioner of Santz Bsrbara along with the surmaries which werte submitted
for prepzretion of the Environmental Impact. Report.
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1220 X Street
Seeraento
95314

March 3, 1982

Lawrence Hart, M.D., H.P.H.

Countw of fanta Barbara

Heilrh Cere Services -
300 San Antonio Road

Santa bEarbara, Cazlifornia 93110

Deér br. Hart

Mr. Graydon hall, Agricultural Commiskioner for the- Coultv af Santa
Barbars, asked me Lo cowment onh the concerns exFTESEEd ir your memo of:
February 25, 1962, Asr you moted, 2n extensive voluze of msterlals bhas

- beeun prepared’ with ruspact to the texicologicnl egscrement of each of the
¢hepicals wentioned in the drafr EIK for possznle empleyment In a gypsy
moth ercdication program. TIheee waterials are available threugh bz, Baxl's
office for indépéndent'pﬁb11~-health-rlez aunalysis by any gZroups or
individtalswintereated in wmaking such B adsessmenti. . :

After reviewing each of the chemicals mentioned in the draft Envirommental
lupact Report, 1 have recommended to Mr. hall that diflubénzuron {Dimilin)
and &c:pnate ‘(Orthene) not be used in residential ateas at thie time. -
Further assesement of the tozicity of thaese chemicals is necessary before
‘& reaeonable depree of confidence ¢80 be reached with respect to lack of
potenvial adverse health effects on humans. Certein datk are missing with
respect to acephate wnile dsts on diflubenzuron have suggested & possible
ssscclation witk lycphorms formation in laboratery animals fed diflubernzuren
for prolonged periods of time. Studies on acephate are reperied to now ‘he
,'couplet however, review of the 1nformat10n hzs not yet tsken place. As
for di‘lubazuvcr life-time feeding mrudies in rocents were initiated in

bummer-of. 158} and will not be complete until scnetxhe in 1884 in all

likeliloved. The use of ulxluben&uron or acephate could be cons1dered for
nonpopulated arees. ‘

The use of I'ylox ie not a consideration inasmuch as nucmerous studies have
assocxated this chexical wich adverse effects, including terategenicity,

-mutagernicity, carcinogenicity, &nd neurotoxicity. Hethoxychlor znd kryo-
cide are not particularly efficacious and have many date gaps essociated

with thewn since they came into use seversal years prlar to the stringent
datz requlrements now in affect.
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The only chexzical avsilsble then, fer consideration for use in populated
areas, ig cerbaryl (Sevin). The United States Environmental Protection
Acency (EPA) recently completed & review of carbaryl data with respect to
potential healtn hazsirds and issued & final decision document in December
1980. 1In this document, the EPA notes that the data base available for
carbaryl is more extensive than ordinarily rvailable. Froo the stendpoint
of lethal potency, carbaryl is cateporized ae moderately toxic. Hoderate
doses of carberyl are pecessary to iniriate acute syzptoms of intoricstiesn,
Use of cerbzryl in the gypsy moth program would reguire approximately one
pound of ective ingredient per acre applied by -air and, vhile such precise
dosaze is not possible for ground applicaticns, similar concentrations
could be anticipated to be distrivuted frow the groumd although mot as .
uniforsly as an aerial application {i.e., "hot" and "cold" spots). WKorker
esposures Lo carbarvl have been discussecd in the literasture showint ne
sdverse health effects after prolenced exposures to relatively high envi-
romrental cencentrations of carbarvl. Carbaryl does not accumulate in the
body and is readily excreted with a biological half-life of lese Lhan 24

hours.

Carbsryl is mot conszidevred to be a nmutagen or & carcinogen based on exiz~
ting inforsmation. It is, therefore, not pessible to calcuiate @ statistical
provability of the occurence of these eventa as & respunse to public expo-
gure to carbaryl. The same is true with respect to allergic reactions.
Cerparyl is not known to be & specific allerpenic stimulant and any such
rezctions would be host-specific., Any statistical »robabilicy of such
oceurrences being seen would have to be based on population tharsacteristics,
not on the chemical characteristics of carbarvl., In a2 joint FAD/WEO review
of carbawete and organophosphate pesticides used iIn apriculture with respect
to public heslti {VETIURAZZI, 1976) 3G known cases of illnéss sssocisted
with cirbaryl exposures ére discussed in which no fatzlitiee are reported.
Yuree of thees exposures were in children with accidentel inzestion. Thus,
very few cazses of intoxication have been observed duriug the mere than 20
years of extensive use of carbaryl.

1've enclosed & supplecentsl health hszard spalysis document, which was
submitted te Mr. Hall, which discusses the various potentizl hzzards with
‘respect Lo health Tisks of each of the chemicals mentioned in the ElX. - The
teratogenic risk of carberyl is discussed in that document; available dala
do not lend themselves tc & statistical caleulation of preobability for the
-occurrence of this event., Dosing of the laboratory anizels took plece over
& continuous time period duriup geatation with "no cbservable effect
levels" also detected., Teratonezic response is not generally viewed the
same 83 CaTcinogenic regponadlvenass, Carcinogenic action of chemicals is
tonsidered to represent @ risk at all doseges; the statisticel formulas
applied to this carcinogenic probability are not appropriate when the
effect is teratopenesis. A Tisk sssessment of teratogenicity, therefore,
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ia linited to & gualitstive asscssment rather than & calculation of
statieticel probability.

¥hile in Santa Bsrbara on February 24th and 25th, 1 met Mr, ben Cale,
Director of Zrnvircpmentsl Health Services from vour arency. We met with

& cornittes of physicisne of the Santa Iarbara Gounty tedical Soclety to
discuss the isrues rzised in your memo relative to implementation of rlen-
ning for improved cowwunity avsreness; wonitering of air, water, food,

erc.; developing 8 response plan in the event. of accidents, such a5 air-
craft eser,encies or ground spills; and plens for health monitering prosracs
for the community. Tnese items do not necessarily beleong in the envircnmen=—
tal inpact repert, however, they are essential to comamunity plenning with
Tespect to the sctual phyeical conduct of any activities wherein unscheduled
(accidentsl) events may result {n sdditioral harards if not properly handled.
I have sugpested to Hr. Eall that a committee of health experts from the
Senta Loriars covmunity be established to assist ip guch plamning., 1 bhave
wade myself evailaole to the Medical Societvy to serve as & liaisor to the
corzittee for the purpese of supplving infermation they may require. I
recomienc thet & representative frox the county health agency be a lisison
~mewber of Lhot comumittee and glao soueone from the State Department ol Healch
Services., Much of the plaaning reguired will be the sae, irrespective of
the specific agent(s) to be used in any comuunitly pest manegement proorewm,

I agrec that extreme ¢ceution and thorouph analysir should precede any widespread
application of ciheaicels into the environrment, resardless of where that
envivonment exists. T a= availahle teo you for specific consultsation on any
mitters Telstive to the use of chemicals in pest manapesent and particularliv

ar it relatez to tie gypsy woth problew in the Santa Earbara arez. I look
forvwerd to beering from vou and workine with mewbers of vour steif in the
cevelopment of & covstBily Proptan Eppropriate tn whatever activity mey tsxe
Flece in your &rea involving the usc of pesticide chericels,

Sincerely

¥. H. Kurtz, M.I,, Fh.D,
‘Medical Coordinator

“Werker dHealth and Safety Unit
(918) 4LuS=5474

5/5A/14-16









‘State of Califernia
Memorandum
To : Lori Johnston, Acting Assistant Director Date :EtMarch i, 1982

Pesticide Management Environmental Protection

and Worker Safety Place: : ‘Sacramento

From : Department of Food and Agriculture - Yeith T, Maddy, Unit Chief/Staff Toxicologist
Worker Health and Sdafety Unit ;

Subject:  Summary of ToxicologicallData‘on_Bapillus:Thuringiensis

There is consideration being given fo'using Bacillus thuringiensis (B.t.) in
populated areas of Santa Barbara County as a part of a Gvpsy Moth Eradication
Program, 'Below is summarized toxicology data on the HD-1 strain of this organism.

" Bacillus thuringiensis (B.t,) is a bactérium which already occurslnaturallyrin the
environment. B.t. has a highly specific mode of action. It effectively controls-
caterpillar larvae; however, the HD-1 strain of B.t., is not toxic to mammals, fish
or other wildlife at recommended field rates. This 1is supported'by a full toxicolo-

. gic evaluation by registrants and extensive testing by independent scientists.

- Further, in over 10 years of commercial use, no reports of adverse effects to the
environment have been documented, Unlike most chemical pesticides, B.t. is ideally
suited for use in integrated pest management programs since the active ingredient
does not interrupt activities of benmeficial insects. ‘ -

ORAL TOXICITY

No toxicity in mice, ‘rats or dogs has been demonstrated with single dosages up to
10,000 mg/kg of body weight. .

Thirteen-week dietary administration of technical material to fats at dosages of
- 8,400 mg/kg produced no toxic effects.

Two-year ‘chronic dietary administration of technical material to rats at 8,400 mg/kg
produced no tumorigenic or oncogenic effects, '

INHALATION TOXICITY

No toxic -effects were observed -in rats when B.t. was. instilled directly into the
lungs at rates up to 5 wg/kg of body weight. This translates to a value 10,000
times greater than a bvstander could expect during_spréy_programs.7 Humans exposed
daily to B.t. spores for over 10 years as production workers have shown no adverse

effects,
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.DERMAL TOXICITY

'Mild, transient dermal. involvement was demomstrated, but no systemic- toxicity was
noted in rabbits when a formulation containing B.t. was applied to abraded skin
at 1 nmg/kg/day for 21 days. In other studies, no LD5g could be determined in
rabbits with 51ng1e dosages of up to 3,400 mg/kg of body welght. :

"EYE IRRITATION

No corneal opacity was observed in rabbits treated with 0.1 ml of a formulation
of B.t, Only mild, transient irritation was noted in this study, and in other
tests with wettable powder formulations.

SENSITIZATION N

No evidence of sensitization or anaphylactic shock was noted in guinea plgs
given repeated subcutaneous injections of B.t.

‘T.V. TRIJECTLION

A single 1.V. dose of 108 B.t. spores was not toxic to young growing rats. There
was no evidence of sporulation of B.t. within the visceral tissues over the course

of a 112~ day experiment.

TOXICITY-TOCFISH

No adverse effects were shown in rainbow trout and bluegills exposed to B.t.
technical material at concentrations of 560 and 1,000 ppm.

A small marine fish, Anguilla anguilla, was not adversély affected by exposure tao
©1,000-2,000 times the level of B.t. expected during spray programs. '

Field obsérvations, one month after aerial application of B.t. revealed no effects
on populations of brook trout, common white suckers and smallmouth bass.

TOXICITY - TO BIRDS

- Lhgp ~ Bobwnlte Quail - Creater than 10 grams B.t./kg body welght, autopsy of the
blrds revealed no pathology attributable to B.t. o

Field observation of 74 bird species revealed no populatlon fluctuations after
aerial application of B,t..

TOXICITY TO BEES

No toxicity to honeybees has been demoristrated durlncr extens1ve 1aboratorv and
field studies with B, t products at labeled rates, :

TOXICITY TO BENEFICIAL INSECTS

No toxie effects to benef1c1al or Dredac1ous arthrouods have been observed at labeled
rates of B.t, These results are based on laboratory and fleld studles performed on
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over 200 species of beneficial insects/spiders in the orders: Hymenoptera,
Diptera, Neuroptera, Orthoptera, Araneae, Coleoptera and HemiptPra. Due to its
negllglble effects to beneficials and unique mode of action, B.t, is an ideal-
component of integrated pest management programs.

RESIDUES

Since products containing B.t., have not beern shown to be toxic to nontarget
organisms, spray drift and residues do not present a health hazard.

TOLERANCE

 Dipel has been granted exemption form the requirement of tolerance for specific
levels of residues of this organism at the time of harvest on all repistered
crops in Canada and the United States, The wettable powder formulation may be
applied to certain raw agricultural commodities after harvest.

VIRAL ENRANCEMENT

The susceptibility of cell cultures to viral infection was not enhanced after
exposure to the HD-1 strain of B.t.

HAZARD EVALUATION SUMMARY

It appears that persons mixing loading and applving preducts containing the
HD-1 strain of B.t. do not need protectlve clothing or to follow special pro-
tective handling procedures.

It appears that vse of this straim of B.t., which occurs naturally in nature,
does not pose hazards to man if applied in or over an urban environment.

KETM:1m

cc Reese Kurtz
Leifson Wang,
Wells Liao
Knaalk ’
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Memorandum.

From

Svbject:

Keith T. Maddy, Unit Chief/Staff Toxicolegist

Date  * March 5, 1982

Worker Health and Safety Unit

Place Sacramento

Department of Food and Agriculture S. A. Peoples, Medical Consultant

Worker Health and Safety Unit

Information On The Animal and Human Toxicity Of The Spores of Bacillus
thuringiensis Registered Under The Name of Thuricide-HP

One book which covers this subject is '"Microbial Control of Insects and Mites"
edited by H.D. Burges, and N.W. Hussey, ,published in 1971 by Academic Press;
an updated edition of this book will be avallable soon,

The initial field work, including safety studies, were carried out between

~1956-1958 which included human volunteer tests. On April 14, 1960 the FDA

granted full exemption from a tolerance, allowing its use on food and forage
crops. The strain of bacteria must not produce a B-exotoxin; the Kurstaki
strain which does not produce B-exotoxin is used in Thuricide.

‘There are strains of B.t. which produce an exotoxin which is toxic to mice and
when these bacteria are fed to steers, they are not affected by the exotoxin

which is excreted in the feces and kilied flies; hence the name "fly factor".
Twenty-four grams of Thuricide (2 x 1012 spores) were given orally to rats
without evidence of toxicity. Eighteen human volunteers ingested 1 gr/day for

5 days without toxicity and lzberatory tests were negative. Five human volun-
teers inhaled 130 mg of powder daily for 5 davs without evidence of illmess,

All volunteers were examined 4-5 weeks later and were found to be in good health.

The spores have not been found to germinate in m mammals or man. The p0551b111ty
of a new strain developing which is pathogenic to vertebrates is extremely
unlikely on a single passage through an animal. (Edward A. Steinhaus, J Econ.
Ent. 52:506 (1950) ). The possibility of a toxic strain developing during
manufacture is monitored as required by law not only for toxic mutations byt
contamination with any spore-forming bacteria.

The use of B.t. over a 20 vear period has not resulted in incidents of toxicity

or infection in man or animals. I do not forsee any health problems from its
use in controlling the Gypsy Moth in Santa Barbara.

SAP:1m

" SURNAME

8Q.106

77 x/'//'fm(a% |






INSECTICIDE SAFETY

Toxicology of the Microbial

Insecticide, Thuricide

ROBERT FISHER
Bicferm Corp., Wasco, Calif.
LAWRENCE ROSNER

ﬂqsner—Hix'son Laboralories,
Chicago, Hi.

One of the advantages of the new living insecticide based on the viable spores of the
microorganism Bacillus thuringiensis Berliner is its nontoxic nature for man, other animais,

and plants,

an unusual human volunteer fest.

This characteristic was firmly established in a series of tests which included-
The toxicology studies described in this paper represented

o pioneering effort, as there was no precedent to guide the manufacturer or government
officials in establishing that the proposed use of the pesticide would be without hazard to

health,

uuvricipe  (Biolerm Corp., Waseo,

Calif.) is a live pest control agent
which is a fatal, guick-acting disease [or
susceptible insects.  The active principle
consists of live spores of the microorganism
Bacifius twringiensis Berliner, a bacterium
first isolated in 1911 from diseased larvac
"of the Mediterrancan flour moth. A
review of the literatare (2, 12-15)
reveals no authenticated instance of this
true insecl puthogen having caused an
infeclious disease in warm-blooded ani-
mais or planis either experimentally or in
nature. On December 10, 1933, the
Food and Drug Administration author-
jized the application of the microbial
insecticide Thuricide direedy to foad and
forage crops under the conditions of a
temporary cxemption [fom a tolerance.
Part of the exhaustive 2-year waicologi-
cal study which satsfied government
officials and the manulacturer as 1o the
safety of Thuricide is described.

Experimental

The toxicological studies on Thuricide
were divided into four groups: infeetivity
and scnsitization, acute and chronic
toxicity. ellict on human volunierrs, and
wsicity in the ficld.  Some of e wests in
the first, second, and third groups are
presented heve.

The Tharicide used i inost of the Lests
comained approximawly 9 > 104 viable
spures of B, thuringlensts per gram, and in
the human volunteer stady, 3 X 108
viable spores per gram, Spore count
was determined by a plating method (5).

In addition o ihe active spores. the
product contained a diatomaccous earth
filler which had some toxic effect on ani-
mais in the massive doses given.  When
vegelative or sporulated cultures of the
micrgorganism itsel were used in these
tests, they were designated as Becillus
thuringrensis Berliner.

Virulence of Thuricide Following
Serial Passage through Mice. Onc
haif gram of Thuricide was added (o 20
ml. of nutrient broth and incubated at
37° . for 72 hours. LImmediately
before injection inlo the test animals,
another 0.5 gram of the sample was
added 16 the incubated material, pro-
viding both spores and vegewative forms
of the micrnorganisim.

Thirty-fve white mice, weighing 17.0
to 23.0 grams. were assembled into seven
groups of five mice cach. ‘The animals
were placed in wire cages and fed a
standayed mose dicl and water ad libi-
. The mice in group 1 were injected
inuaperitoneally with 1.0 ml. of the pre-
pared materinl. Afier 6 hours, 0.3 ml
of blood was withdrawn by cardiac
punchure and injected ingaperitoneally
into group 2. This wehnigue was re-
peated for a total ol six wansiers wsing
five more groups of mice. Group 7 was
weighed prior W injection and after 24

and 4R hours. No weight losses nor
abporma! sympioms  during  the  wst
period were observed. In group 1. one

mouse died within 4 hours alter injection
of the prepared sample. Gros spaih-
olagy indicated a severe. irriation alf (e

peritoncum, The other mice 1n

et T R e Eki R EA AR FHEMISTRY -

this

. 3 % 1(® organisms per ml.

growp displayed signs of malaise prior ©o
cardiad puncuure.

To determine whether the cause of

death and the symptoms observed in
group 1 were associated with the carric
in which the microorganisms of the sam-
ple were incorporated, the following

tesls were performed.

One half gram ol the sample was in-
cubated in 20 mt, of nutrient broth ke
24 hours, A portinn of the supernatant
liquid was decanwed into another tube

of nuwient breth and incubared Jor a:

additional 48 hours. The resulting el
suspension. was  then cenwiiuged ane

washed twice with isolonic saline solu- -

tion. This technigue resuled in 2 su-

pension which was larecly free of the

carricr material and il conwained abog
One millifies
of this suspension was injecied intraper-
toneally into five mice. No duaths o
abnormal svmptoms were observed,

One gram of ilie sample was incubuted
for 4% hours in 20 i, of nuwicnt broth.
Afler incubation, the material was aues
claved. The bacterial cell count wa
about 3 X 18 nonviable organisms per
ml. One milliliver of this matevial wa
injecied intraperitoncally inw five mice.
Al of the five mice died within 1o hous.
displaving sympuems ol.abdominal trrit
tien and sensitviny,

One milliliter of e nutrient broth was
injecied intraperitoneally into five mice
No deaths or abnorimal symploms wer
observed. ‘

Alhough direct intraperioneal ir-
jeciion of Thuricide into mice causte
toxic sympioms. this offvet was due w0 the
carvier only,  Fhe organisms themschve
had ne wyic effeet, nor was any virulene
developed by serial passage through mice.



. Persisience of B. thuringiensis in
. Blood of Mice Following Intraperi-
tneal Injection. Sixty white mice
weighing 17 to 33 grams were assembled
i six groups of 10 mice each. The
animais were held in wire cages and fed a
sandard laboratory mouse diet and
water ad libitum, Groups 1, 2, and 3
were injected intraperitoneally with (.1
ml. of a 24-ml. nutrient broth culture of
B. thuringiensis.  Groups 4, 5, and 6 were
: injected with 0.1 ml. ol a 24-hour broth
" culture of B. cereus, an organism which 1s
i geoerally considered as nenpathogenic
* under most conditions and is morpholog-
s ieally relawed to B, thuringiensis.  This
organism was included lor comparative
purposes.

Blood samples, 0.3 mi., were withdrawn
by cardiag puncrure from groups 1and 4
after 24 hours, from gryups 2 and 5 after
" 48 hours, and from groups 3and 6 alier 72
ihmzrs. Each blood sample was piated
" on iryptone glucose extract agar and the
cresulting B, thuringlensis or B, cereus
- colonies were counted.

The plate couns showed that both
organisms persisted in the blood up w0
48 hours. Hawever, as neither organ-
"Bm was found at 72 hours, the persist-
eoce of B. thuringiensis was no greater
than that of the strain of B. cereus used in
this test.

Determination of Relative Patho-
genicity of 8. lhuringiensts by Parenteral
Administration into Guinez Pigs. The
pathogenicity of B, thuringiensis  for
guinea pigs was compared with that of
B. cereus and of B. subtilis, both con-
sdered to be nonpathogenic under most
anditions. The method employed was
tat of Clark (5). The test organisms
were cullured in glucose broih for 24
hours before injection.  To obuain higher
concentratiuns ol organisms, 24-liour
glucose agar slants were prepared and the
organisms were washed off with 1 mi. af
uline,

The groups of guinea pigs injected
vith the 24-hour breth culture re-
wived 4 mi. each. The groups in-
peted with the slant washings reccived
I ml. containing the growth [rom one

dant.  All injecrions were  imtraperi-
wnead. The animals were observed for
?days alter injection. Daia are shown
below.
_\
Type No. of Animols
of In. Sur-
! Orgonism Cullure  jected wiving
i} dhuringiensis  Broth 10 10
i Slant 10 3
Lurreus Broth 5 5
Slant 5 4]
b oebiilis Slanmt 5 5

. Massive doses of the microorganisms
‘e required 16 overcome the guinea

[

pigs defense mechanism, because injec-
tdon of the broth culiures caused no
fatalities, ’

Inhalation Toxicity of B. thuringicnsis
Berliner in Mice. Inhalation toxicity
was determined by placing 10 mice
identified as Test Group 1, in an exposure
chamber 30 X 30 X 30 cm. and dis-
persing Thuricide with a powder blower
by means of compressed air. The
animals were subjected w0 four expo-
sures over a period of 6 days. The dura-
tion ‘of each exposure was 15 minutes,
during which time 10 grams of sample
were dispersed. Between exposures the
animals were housed in wire cages and
wére fed laboratory mouse diet and
water ad libitum.. The mice were
weighed initially and at the end of the
test. Observations were made of their
reaction in the exposure chamber as
well as of their general well-being
throughout the test period.

In order to determine whether irrita-
tion 1o the lungs might result from the
inhalation of only the carrier in which the
active ingredient of the sample was in-
corporated, a portion of the test sample
was stetilized by autoclaving and another
group of 10 mice was subjected 1o the
same exposure. .

During repeated exposures ol the mice
to inhalation of the test materjal, no un-
toward recaction was observed in either
group. Observations of their general

well-being  throughout the rest period -

showed no departure from normal in
either group, as was demonstrated also
by normal weight gains for both groups,
Gross pathology findings were negative.

The Allergenicity of Thuricide in
Guinea Pigs. The procedure of Draize,
Woodward, and Calvery (6) was cm-
ployed lor the dewrmination of the
allerguniciiy of  Thuricide. Twenty
while male guinca pigs were distributed
inwo two groups of eight each and onc
group of four. The hair was removed
from the back and flanks by close clip-
ping. The sample was tesied by the
following methods.

IntecTION OF A 0.174 SuspENSION 1N
WaTter.  Injections were made inua-
cutancously using a 23-gage needle,
Ten sensitizing doses were zdminisiered,
by injection, every other day for 3 weeks.
Sites of injection were at random over
the backs and flanks. ‘The firs, injection
was (L03 ml., while the ciber nine con-
tained 0.1 ml each. Eight animals
were used.

ToricaL APPLICATION ON ABDRADED
Sxv.  Ten sensilizing applications were
administcred every other day for 3
weeks.  The-abrasion for each applica-
tion was madc, at randuns, on the backs
and flanks. The test material was applied
with a2 powder blower, covered with an
aluminum pawh and aped in place.
The first application was approximately

.25 mg., while -the other nine were

- weight,

approximately 50 mg. each. Eight
animals were used.

ToricaL | ArpLicaTiON TO INTACT
Sxmv. Ten applications were made in
the same manner as on the abraded skin,
except that the skin was left intact,
Four zanimals were used.

Readings were taken’ 24 hours alter

- the first application or injection to record

any iniiial allergenic response as evi-
denced by the development of erythema
and/or wheal formation. Two weeks

-after the tenth application or injection

e challenge injecion ‘or application
was made in the region of the lower flank,
where no previous application had been
made. The chalienge dose was the same
as that given in the first sensitizing dose.
Twenty-four hours later readings were
taken again- for correlation with those
obtained after the first injection or appli~
cation.

Administration of Thuricide by injec-
tion or by application to abraded skin
caused a slight erythema and edema,
indicative of local irritation. There was
no reaction from its application on intact
skin. There was no evidence of any:
allergenic response by any route of ad-
ministration.

Inhalation and Ingestion of Thuri-
dde by Human Volunteers. Eighteen
human subjects were emploved in this
experiment. Al of the individuals were
subjected to physical and laboratory
examinations immediately before the
start of the experiment. They then
ingested 1 gram of the Thuricide in
capsules daily for 5 days. In addition to
oral ingestion, five of the subjects inhaled
100 mg. of the powder daily for 5 days.
Inhulation was from an inhaler device
{Abbo1U’s inhalator) ‘and both oral in-
gestion and nasal inhalation were used on
alternate days. At the end of the 5-day
test period, the subjecis again received
physical and laboratory examinations
and again in 4 or 5 weeks later. In
addition to these tests, the individuals
wlio inhaled- the inscciicide also were
subjected 10 x-ray examinations at the
same intervals, .

The physical examinations included a
detailed history and records of heighr,
temyperature, hlood pressure,
respiratory raie, pulsc rate immediately
after cxercise and 30 and 06U seconds
thereafier, and viwal capacity (in the in-
halation group). They also included
evaluations of the genitourinary, the
gastrointesiinal, the. cardiorespiratory,
and the nervous sytems. Laboratory
tests included rouline urinalvsis, with
qualitative and quantitative (when indi-
cated) urohilinogen dretermination, com-
pirie blood count, sedimeniation rale,
bluod wrca nitrogen, glucose, bilivubin,
and thymaol wrbidivy tests.  All of the
subjects remained well during the course:



of the experiment.
ings were negative.

All laboratory find-

Determination of Hazard to Humans
from Continued Random Exposure to
Thuricide. Eight Bioferm cimplovecs
in different paves of the manufaciure and
conirol of Thuricide production were
observed during a 7-month exposurc to:

Whovrs FErMEnTATION Brova. Ex-
posures of 300 ml. w several thousand
gallons per day.

Mowst BacteriaL Cake.  Exposures
of 30 grams to several thousand pounds
per day.

Eriroest.  Dxposures rom 306 ml o
several thousand gallons per day.

Fivai Powper. It contained up to
15 X 10* viable spores per gram.  Ex-
posures of 10 grams 10 several thousand
peunds per day.  This
ground, blended, and packaged.
tinely divided and dusts easily.

I is

The formal record of the eight em-
plovees during exposure was {rec of com-
plainis of any kind. Two of the em-
ployees who had been exposed w a
greater extent than any of the others
{total exposure 251 hours 1o all phascs of
produciion and control) were given coms-
prehiensive medical examinations.  The
two subjects were in excellent health and
showed no evidence of chronic or acute
damage of any kind [rom exposure w
matcrials handled in the plant. The
results of 1his record indicate thal no
hazard 10 healih exists from prolonged
and continued exposure 1o broths, moist
cakes, or powders of Thuricide.

Acute Oral Toxicity of Thuricide.
Thuricide was adininisicred to rals in a
3305 suspension in waler containing 1%,
of carbasymeihyl cellulose as a thickencr.
Adminisiration was made by mcans of a
syringe. having anached a hyvpodermic
needle with a ball tip. The dosc was
placed direcily into the animal’s stormach.
Doses up e 24 grums of Thuricide—
estimated 2 X 1072 wviable spores—per
kilegram of body weight were adminis-
tered to groups of 10 rats ‘and (he ani-
mals were obscrved for 1 week, No
fawalities occurred nor wene there any
outward sympioms of toxicin.
and histological examination of lssues
revealed no dilferences fron the tissues of
contrel animals,

Discussion

The 1{ests which have been described
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matcrial s,

-with

Crross

have cmphasized the harmiessness of the
microbial insccticide Thuricide, and the
active ingredient, B. thuringiensis Ber-
liner, for warm-blooded, animals. The
results of these wests partially satisfied the
toxicity requirements of the Food and
Drug Administration.

In addition, the area of lack of woxicity
has been considerably exiended in re-
ports {rom other laboratories (7, 4, 7-9}.
This further work has included acute and
chronic toxicity tests with chicks, laying
hens. young swine and hogs, fish, adul
honey bees, and honey bee larvae. In
one of these tests {7, a group of New
Hampshire Red laying hens reccived as
part of their diet a daily supplement of
0.5 1w 10 grams of Thuricide [or 23
months. No significant differences in
weight, appearance, or egg number and
quality were observed between the test
and control groups of laying hens.

One of the recurring guestions about
the harmlessness of B. thucdngiensis to
warm-blooded animals has been the im-
portant matter of the taxonomic grouping
of this microerganism in the same genus
Baerllus  anthracis.  The morpho-
logical similarity of these vwo micro-
organisms i3 the basis for this classifi-
cation. " However, this does not by anv
means indicate that the characteristies of
the twu are inwrchangeable.  The spe-
cific questions have been whether these
two micrporganisms can be confused wih
one another or mutate into virulent
(orms. and not whether B. thuringfensis
has any of the virulent characieristics of
B. anthracis.  These questions have been
answered, in the negative, in a fuil dis-
cussion by Swinhaus {76).  In the manu-
facture of Thuricide during the last 2!/,
vears. no instance has been found of ac-
cidental contamination, or of mutation
of B. thiningiewsls into a virulent lorm for
man, animals, or plans {3, 79} In
addiiion to the tigid gquabty conwol
procedures applicd (3). the {inal defini-
tive test before the release of any batch of
Thuricide is & mouse safety (est described
by Simmens and Genwkaow {77).

Tinally, there have buen no reports of
wxicity of any kind to plants. animals,
beneficial inscets, or humans during the
ficld application of pearly 1000 pounds
of Thuricide in the 1937 and 1958 sca-
1-10) bE
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